S
crew loosening is considered to be a common problem with both screw-retained and cemented implant restorations.
1 Several complications may arise as a result of loose retaining or abutment screws. There can be granulation tissue between the loose abutment and the implant, leading to fistulae formation and infection of the soft tissue. In addition, loose screws are more apt to fracture under load, leading to long-term prosthesis complications. 2 The literature to date does not present a consistent trend of reported screw loosening. Some investigators have found that as little as 2%
2-4 of all screws loosen, while others report a frequency of up to 40%. 5 Naert et al 4 reported that 5% of retaining gold screws loosened. Kallus and Bessing 5 reported that 40% of slotted gold screws, and 10% of internally hexed gold screws loosened. Overall, 26% of all gold retaining screws loosened and 4% of all abutment screws loosened. These authors examined screw loosening in full arch restorations only and speculated that a higher frequency of screw loosening was expected with single tooth restorations. Jemt et al 6 reported 26% loosening of gold retaining screws and 43% loosening of abutment screws over the first year on single tooth implants. Becker and Becker 7 reported 38% loosening of single implant restorations in the posterior maxilla and mandible.
The most likely cause of the majority of screw loosening is inadequate tightening of the screw. 8 Another important factor is the design and nature (design refers to shape, thread style, head design, and driver shape needed to insert, while nature refers to type of metal) of the screw itself. It was discovered that internally hexed screws could be tightened (even by hand) to a higher degree than slotted screws. 5 When a screw is tightened, a tensile force (preload) is built up in the stem of the screw. This preload creates a contact between the abutment and implant. The closer the tightening force approaches the recommended force for any particular screw, the more stable the connection will be. Thus, the design of the head and body of the screw is significant and should allow a maximum of torque to be introduced in the stem of the screw. The design of the screw head, screw material and tightening force are all important parameters for screw joint stability. McGlumphy, in 1993, stated that the clamping load must be greater than the separating forces to keep screws tight. Therefore, it was recommended to maximize preload forces and minimize joint separating forces.
Other possible factors contributing to screw loosening include nonpassive frameworks, 9 2,10,11 A wider base on an implant has been said to be a possible benefit to prevent screw loosening using nonclinical analyses. 12 It has also been suggested by manufacturers that the use of torque drivers should minimize or prevent this screw loosening. Vogel and Davliakos 13 have recently reported that there was no screw loosening from 3 to 54 months when the Spline implant and prosthetic components (Centerpulse Dental Division, Carisbad, CA) were used. The purpose of this prospective study was to longitudinally compare the frequency of screw loosening in standard diameter, (3.75 and 4.0 mm) implant prostheses to that of wide diameter, (5.0 and 6.0 mm) implant prostheses that have been hand torqued, and to see if using a torque driver could prevent, or minimize, the reoccurrence of this loosening.
MATERIALS AND METHODS
A total of 213 dental implants (Implant Innovations Inc, West Palm Beach, FL, USA) were placed since 1993 in 106 patients for this prospective study at the Ashman Department of Implant Dentistry at New York University College of Dentistry. Of the patients 56 were female and 50 were male with ages ranging from 20 to 74 years old. All implants were externally hexed machined-surface titanium screws. Of the implants 68 were wide diameter and 145 were standard diameter implants. There were 39 single tooth replacements. Of these 13 were wide diameter and located in the posterior maxilla/mandible. Twenty-six were standard diameter and were located in the anterior maxilla, replacing teeth between the canines. There were 68 multiple unit (2-5 units) fixed implant supported partial dentures attached to 174 implants. All of these implants replaced teeth in the posterior maxilla/mandible sextants. All restorations were fabricated using UCLA-type or conical abutments. A total of 63 conical abutments and 150 UCLA-type abutments were used. The conical abutments used an occlusal screw (catalog #GSH30) to attach the prostheses to the conical abutment, and the UCLAtype abutment used an abutment screw (catalog #UNIHT) to attach the prostheses directly to the implants. The prostheses did not contain cantilevered pontics. All prostheses were screw retained, hand tightened at insertion, and supervised by one investigator (PS). The patients were recalled at 3, 6, 12, 24, 36, 48 and 60 months. During the follow-up visits, the prostheses, abutment screws, and occlusal screws were clinically and radiographically evaluated for loosening. When screw loosening occurred, the screws were retightened with a torque driver to 10 Ncm for small occlusal screws (as used to secure prostheses to conical abutments), and to 20 Ncm for the abutment screws (as used to secure UCLA-type abutment prostheses to the implants), as recommended by the manufacturer of the screws used.
RESULTS
Statistical analyses were performed, and the percentage of screw loosening for different subgroups was evaluated. The categories evaluated were wide vs. standard diameter implants, anterior vs. posterior implants, single tooth replacement vs. multiple unit frameworks, and conical vs. UCLA-type abutments.
Overall, screw loosening occurred in 11.7% (24/213), with an average of 3.2 years time elapsed from prosthesis insertion to screw loosening. Wide diameter implants showed 5.8% (4/68) screw loosening, while standard diameter implants showed 14.5% (21/145) screw loosening (Table 1, Fig. 1 ). Anterior implants showed 7.7% (2/26) screw loosening, while posterior implants showed 12.3% (23/187) ( Table  2) . Single tooth replacement prostheses showed 10.3% (4/39), while multiple unit prostheses showed 12.1% (21/174) ( Table 3) . Of the 39 single implant restorations 9% (2/22) anterior restorations loosened and 11.8% (2/17) posterior restoration loosened (Table 4) . Finally, prostheses secured to conical abutments showed 12.6% (8/63), while UCLA-type abutments showed 11.3% (17/150) ( Table 5) . As screws loosened after the initial prostheses insertion, torque drivers were used to tighten the screws to 10 or 20 Ncm, as recommended by the manufacturer. Since this tightening with the same components, there have been no recurrences in screw loosening after each case for three to five years.
DISCUSSION
Although wide diameter implants were introduced as bail-out implants, their theoretical advantages have been well documented in the literature. 14 
Graves et al
12 reported a decrease of the force on a screw of 20%, and 33% when the diameter of an implant was increased from 3.75 mm to 5.0 mm, and 6.0 mm respectively. They postulated that this might indeed reduce the amount of screw loosening. Clearly this clinical investigation supports this hypothesis, with only 5.8% of wide diameter implant supported restorations becoming loose as compared to 14.5% of standard diameter implantsupported restorations becoming loose (a difference of 8.7%). What is also important is the fact that once these same components were tightened with a torque driver, no further loosening occurred. No wobble or rotation was detected clinically after being torqued. The other significant discrepancy was the difference in loosening between anterior and posterior implants. This discrepancy was 4.6%. Posterior implants loosened at a higher percentage than anterior implants. This supports the concept of eliminating unnecessary occlusal and off-axial forces on implant supported restorations.
To reduce the incidence of screw loosening, clinical research has supported the following clinical recommendations: a) insure implants are placed perpendicular to the occlusal plane; b) frameworks should have minimal cantilever lengths; c) use components with low tolerance levels for component misfit; and d) use components with antirotational features for single tooth restorations. One study also showed that the inclusion of a conical spring washer increased the amount of rotational displacement needed to completely loosen an implant screw. 15 In addition, the literature supports a gold alloy screw with a flat head, internal hex or square, and a high tightening force (torque driver), as having the greatest ability to produce the best results.
CONCLUSION
Based on the results of this investigation, the wide diameter implant used in this study reduced the incidence of screw loosening. This investigation also supports the clinical practice of meticulous attention to occlusal forces on implant prostheses. Finally, the use of a torque driver, specific for the type of screw used in this study minimized or prevented screw loosening. ABSTRACTO: El aflojamiento de tornillos se considera un problema común en la restauraciones con implantes pegados con cementos y retenidos con tornillos. Una plataforma de pilar más amplia así como el uso de un impulsor de torsión para apretar tornillos específicamente indicados podría ayudar a prevenir el aflojamiento. Sin embargo, no hay estudios clínicos que evalúen uno de estos métodos. Propósito: Para comparar longitudinalmente la frecuencia del aflojamiento de tornillos en prótesis apoyadas por implantes de diámetro estándar (3.75 mm y 4.00 mm) con los prótesis apoyadas por implantes de diámetro ancho (5.0 mm y 6.00 mm) que fueron ajustados a mano y para evaluar si un impulsor de torsión reduciría o prevendría este problema, si ocurrió el aflojamiento del tornillo. Material y métodos: Se incluyeron doscientos trece implantes dentales en ciento seis pacientes en este estudio prospectivo longitudinal. Sesenta y ocho implantes fueron de diámetro ancho y ciento cuarenta y cinco fueron implantes de diámetro estándar. Resultados: Los implantes de diámetro ancho demostraron un aflojamiento del tornillo de 5,8%, mientras que los implantes de diámetro estándar demostraron un aflojamiento del tornillo de 14.5% luego de la colocación con la torsión manual. Cuando los tornillos fueron apretados con un impulsor de torsión, despareció el aflojamiento del tornillo. Conclusión: Dentro de las limitaciones de este estudio, los implantes de diámetro ancho probados demostraron menor aflojamiento del tornillo que los implantes de diámetro estándar cuando fueron apretados con la mano. Además, dentro del alcance de nuestro estudio, usar un impulsor de torsión para apretar los tornillos con la fuerza recomendada previno que volviera a ocurrir este aflojamiento en todos los casos. RESUMO: O afrouxamento de parafuso é considerado um problema comum nas restaurações retidas por parafuso e nos implantes cimentados. Uma plataforma de suporte mais largo, bem como usar uma chave de torque para apertar parafusos especificamente projetados podem ajudar a prevenir esse afrouxamento. Contudo, não houve nenhum estudo clínico avaliando qualquer desses. Propósito: Para comparar longitudinalmente a freqüência de afrouxamento de parafuso em dia metro-padrão, o implante de (3.75 e 4.0 mm) suportou próteses àquele de dia metro largo, o implante de (5.0 e 6.0 mm) suportou próteses que foram apertadas a mão, e para avaliar se usar uma chave de torque minimizaria ou preveniria esse problema, se o afrouxamento de parafuso ocorresse. Material e métodos: Duzentos e treze implantes dentários em cento e seis pacientes foram incluídos neste estudo longitudinal em perspectiva. Sessenta e oito implantes eram de dia metro largo e cento e quarenta e cinco eram implantes de dia metro-padrão. Resultados: Os implantes de dia metro largo mostraram afrouxamento de parafuso de 5.8%, enquanto os implantes de dia metro-padrão mostraram afrouxamento de parafuso de 14.5% após a inserção com apenas um torque manual. Quando esses parafusos soltos foram apertados com uma chave de torque, não houve mais afrouxamento de parafusos. Conclusão: Dentro das limitações deste estudo, os implantes de dia metro largo testados mostrados menos afrouxamento de parafuso do que os implantes de dia metro-padrão quando torcidos a mão. Adicionalmente, dentro do escopo de nosso estudo, usar uma chave de torque para apertar os parafusos com a força recomendada impediu que esse afrouxamento ocorresse em todos os casos.
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